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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Non-destructive 
Testing Sectional Committee had been approved by the Metallurgical Engineering Division Council. 

U Itrason ic velocity measurements have been found to be useful for determining many important material properties 
like elasticity modulus, poisson's ratio, acoustic impedance and other solid materials, determination of uniformity 
of densities of ceramics, glass and wood. 

More accurate values of ultrasonic velocities can be determined by using recent improved ultrasonic equipments 
having specialized features, like transit time measurement of wave propagation to accuracy intended for use on 
materials of 5 mm thickness or greater. 

For clarification of terms and concepts used in this standard, IS 2417:2003 'Glossary of terms on ultrasonic testing 
{second revisiony and IS 3664: 198 1 'Code of practice for ultrasonic pulse echo testing by contact and immersion 
methods {first revisiony may be referred. 

In the preparation of this standard assistance has been derived from ANSI/ASTM E 494 -95 'Standard practice for 
measuring ultrasonic velocity in materials', issued by the American Society for Testing and Materials. 

For the purpose of deciding whether a particular requirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 1960 'Rules for rounding off numerical values {revised)'. J\\t number of significant placesretained in the 
rounded off value should be the same as that of the specified value in this standard. 
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1 SCOPE 

This recommended practice covers test procedure for 
measuring ultrasonic velocity in materials by utilizing 
conventional ultrasonic flaw detector giving A-scan 
output. This practice depends on comparing the 
unknown ultrasonic velocity of the test material with 
that of accurately known velocity in a reference 
material. 

2 MODE OF WAVE PROPAGATION 

Several possible modes of vibrations can propagate in 
a solid material. However, only two modes of 
propagation, namely longitudinal mode and transverse 
mode of vibrations have been considered in this 
standard. Whereas, the longitudinal velocity is 
independent of sample geometry as long as the 
dimensions at right angle to the beam width is large, 
the transverse velocity must be measured on large 
parallel plate whose thickness is such that distance 
between back-wall echo can be measured without any 
ambiguity. 

3 EQUIPMENT 

3.1 Test Instrument 

Conventional ultrasonic flaw detector comprising of a 
time-base, pulse transmitter, receiver (echo amplifier), 
and A-scan display system may be used. The equipment 
shall allow the reading of positions of multiple 
back-wall echos on base-line to an accuracy of 
± 0.5 mm or better, 

3.2 Search Unit 

A transducer of an appropriate size, type and frequency 
that generates and receives ultrasonic wave designated 
for contact tests shall be used. Contact straight beam 
longitudinal mode shall be used for longitudinal 
velocity measurements and contact straight beam shear 
mode for transverse velocity measuremeats. For 
maximum accuracy, the highest optimum possible 
frequency that will present at least two but preferably 
five easily distinguishable back wall echos shall be 
used. 

3.3 Couplant 

For transverse velocity measurements some high 
viscosity liquid like epoxy resin pure honey or solid 
bond shall be used. (The resin part of any epoxy 
adhesive may be adequate.) 



3.4 Standard Reference Block 

3.4.1 Velocity Standard 

Any material whose ultrasonic velocity is known 
and which can be penetrated by acoustical wave 
may be used. The velocity of standard block shall be 
counter checked with some other technique of higher 
accuracy. The reference block shall have attenuation 
characteristics similar to that of test material. 

4 PROCEDURE 

4.1 Longitudinal Wave Velocity 

Longitudinal wave normal beam probe is used. The 
probe is coupled with suitable couplant on the reference 
standard and then on the test piece. The ultrasonic 
equipment controls are set in such a way to get clear 
multiple back-wall echoes from both standard sample 
and test piece as shown in Fig. 1. 

For better accuracy the gain shall be adjusted such as 
to get the amplitude of last back wall echo equal to 
atleast 40 percent or full screen height. This allows more 
accurate time of distance measurement on base line. 
The position of the leading edge of both first back wall 
and last back wall is thus accurately determined. Using 
a scale of caliper the distance at base line between the 
leading edge of the first back-wall echo and last back- 
wall echo shall be measured. 

The signal traverses a distance of twice the thickness 
of the specimen between each back-wall echo. The 
signal traversing the specimen and returning may be 
called around trip. 

In Fig. 1 the signal has made six round trips from 
echo 1 to echo 7. The number of round trips from 
1st echo to the last echo used shall be counted for both 
samples. This number will be one less than the number 
of echoes used. 

4.1.1 The samples shall have flat parallel surfaces with 
thickness tolerance of ± 0,02 mm or 0.1 percent of 
sample thickness whichever is greater. The surface 
furnish on both faces shall be better than 3 microns. 

4.1.2 The transducer alignment shall be same for both 
samples and time base (sweep control) shall be set same 
for both measurements. 

4.1.3 Calculation 

The value of unknown velocity in the test specimen 
shall be calculated as follows: 
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Fig, 1 Initial Pulse and 7 Back Echoes 



where 

Ji^ ^ distance from 1st to nih back echo on known 
materia! in mm; 

/7| = number of round trips of unknown material; 

/i ^ thickness of unknown material in mm; 

V^ - velocity of longitudinal waves in known material 

in m/s; 

c/, = distance from the first to the nth back echo on 
unknown material in mm; 

n^ ^ number of round trips in known material; and 

i^ - thickness of known material in mm, 

4.2 Transverse Velocity 

In similar way the unknown transverse velocity (V) 
may be determined by comparing transit time of 
transverse wave in an unknown material to the transit- 
time in a material of known (K). 

The measurements shall be carried out in same way as 
described for longitudinal wave. The normal beam 
transverse wave probe shall be used for this. 



4.3 Calculation 

The value of unknown velocity K can be calculated as 
follows: 

d n t V^ 

t s s t 



d n / 

s t t 



where 

d^ ^ distance from I st to nX\\ back echo on the known 
material in mm; 

n^ = number of round trips of unknown material; 

t^ = thickness of unknown material in mm; 

Kj = velocity of transverse wave in known material; 

J = distance from the first to the ni\\ back echo on 
unknown material ; 

n= number of round trips in known material; and 
/j == thickness of known material in mm. 
5 REPORT 

Report on measurements shall include data on all above 
quantifies, test frequency, probe details, couplant used, 
horizontal linearity of equipment, name of instrument 
and settings. 
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